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QUADRATURE DEMODULATION CIRCUIT 
CAPABLE FOR CANCELING OFFSET 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a quadrature demodula 
tion circuit used for digital television broadcasting. 

2. Description of Related Art 
The technology for supplying digital television broadcast 

ing signals having been practically implemented, commer 
cial digital television broadcasting has begun. Commercial 
digital television broadcasting can be broadly divided into 
either broadcasting Where digital television signals are trans 
mitted by satellite or broadcasting using terrestrial Waves. In 
the following, satellite digital television broadcasting Will be 
described. 

FIG. 5 illustrates a structure of one frame of digital data 
to be received in a satellite digital broadcasting receiver. One 
frame of digital data as depicted in FIG. 5 contains 39936 
symbols, a symbol as used herein referring to a signal 
received in synchronization With one clock. The leading end 
portion of one frame includes a transmission multiple con 
trol (TMCC) signal for transmitting control information 
regarding a slot signal or a transmission system, and a 
synchronization Word signal. The synchronization Word 
signal contains a total of 40 symbols, While the number of 
symbols in the TMCC and synchronizing Word signals totals 
192, Which are to be transmitted as a BPSK (binary PSK) 
modulation signal. 

After the TMCC signal and the synchronization Word 
signal, data (containing separate tracks such as video, audio, 
or the like) and carrier clock burst signals are alternately 
provided. Each data portion contains 203 symbols and each 
carrier clock burst signal contains 4 symbols. Acarrier clock 
burst signal is a BPSK modulation signal. 
Adata portion containing 203 symbols and a carrier clock 

burst signal portion containing 4 symbols constitute one set 
of data, and 4 sets in succession, ((203+4)><4) symbols, is 
referred to as one “slot”. 

Slots are modulated using different types of modulation. 
The type of modulation used and the order of data trans 
mission are recognized after draWing frequency of the 
carrier clock has been determined, by detecting a synchro 
nization Word, establishing a frame synchronization, and 
demodulating the TMCC. The modulation types to be used 
include 8PSK, QPSK (Quadrature PSK), BPSK, or the like. 

FIG. 6 illustrates a structure of a satellite digital broad 
casting receiver. A digital television signal transmitted from 
a satellite is received by a tuner 61 Where synchronous 
detection is applied While the frequency is doWn-converted. 
A digital modulation signal obtained from the tuner 61 is 
demodulated in a quadrature demodulation circuit 62 to 
produce I and Q baseband signals. A PSK demodulation 
circuit 63 provides various types of PSK demodulation 
according to the I and Q baseband signals, and an error 
correction circuit 64 applies error correction to a PSK 
demodulation signal. The PSK demodulation signal sub 
jected to error correction is decoded into motion image data 
or audio data in a signal processing circuit 65 according to 
set protocols such as those of the MPEG1 or MPEG2 
system. 

FIG. 3 illustrates an example of a quadrature demodula 
tion circuit 62. Multipliers 1 and 2 constituting a quasi 
synchronous detector applies synchronous detection to a 
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2 
digital television signal to output I and Q signals, Which are 
then converted by AD converters 3 and 4 into digital data 
and input into a demodulator 5. 
The demodulator 5 corrects the I and Q signals such that 

their vectors enter an ideal state and outputs I and Q 
baseband signals. The I baseband signal is input to a clock 
reproduction circuit 6 Which reproduces a reproduction 
clock CK synchronized With the baseband signal by a PLL 
method. In the clock reproduction circuit 6, a zero crossing 
point of the baseband signal serving as a reference signal is 
detected as shoWn in FIG. 2A, and the frequency of a VOC 
in the clock reproduction circuit 6 is controlled such that the 
phase of the zero crossing point and the phase of a rising 
edge of the reproduction clock CK are synchronized. FIG. 
2A indicates that phase synchronization is established 
betWeen a baseband signal and a reproduction clock. 

The AD converters 3 and 4 may output a digital data 
superposed With a DC offset depending on their 
performance, and this causes the folloWing problems. 

FIG. 4 illustrates a constellation of the QPSK modulation 
system. In the QPSK system, each point (A, B, C, D) 
representing a vector of a baseband signal appears in each of 
four quadrants and the vectors can transit betWeen the points 
according to data. When a DC offset exists in the AD 
converters 3 and 4, the vector of a baseband signal does not 
represent an ideal state by indicating a Wrong point accord 
ing to the amplitude level of the baseband signal. When an 
offset is generated in the Q baseband signal, for example, an 
ideal point 0, is shifted to a point O. For example, the vector 
of a baseband signal may be shifted to a point A‘ depending 
on DC offset. In this case, it is probable that a baseband 
signal Which should be demodulated as a point A may be 
incorrectly demodulated as a point B depending on the 
amplitude level of the offset. If the distance betWeen each 
point on the constellation shoWn in FIG. 4 is shortened, 
namely if the distance betWeen each point in a case Where a 
DC offset exists (A‘—B‘, for example) is shorter than that in 
a case Where no DC offset exists (A—B), the noise margin 
With regard to noise generated in a transmission path is 
decreased, causing deterioration of a demodulation perfor 
mance (bit error rate). 

In the related art example shoWn in FIG. 3, in order to 
cancel a DC offset, a loW pass ?lter for detecting a DC offset 
and an adder for removing a DC offset are provided betWeen 
each of the AD converter 3 and 4 and the demodulator 5. 
Speci?cally, output data from each AD converter 3, 4 is 
planarized in each loW pass ?lter to detect a DC offset, Which 
is resultantly cancelled in the adders by subtracting the DC 
offset. 

Such a loW pass ?lter, hoWever, requires a large time 
constant to detect the DC level, Which results in a problem 
that the circuit scale of the loW pass ?lter is extremely 
enlarged. Further, it is necessary to operate the loW pass 
?lters at a high speed With the same clock as the AD 
converters 3 and 4 because the loW pass ?lters are coupled 
after the AD converters 3 and 4, respectively. Although a 
high speed operation of a large scale circuit such as the loW 
pass ?lter described above can be implemented using pipe 
line signal processing, such a pipeline system requires that 
an additional register be provided. 

SUMMARY OF THE INVENTION 

The present invention aims to provided a device for 
effectively canceling a DC offset in a baseband signal. 

According to an aspect of the present invention, a DC 
offset is detected using phase comparison results in a PLL 
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for generating a reproduction clock synchronized With a 
baseband signal. Thus, it is possible to cancel a DC offset 
existing in a baseband signal With a simple circuit structure. 

Areproduction clock synchronized With a baseband signal 
is necessary in a demodulation circuit. Because the PLL 
Which generates the reproduction clock is also utiliZed to 
detect a DC offset, an extremely simple structure can be used 
for effective DC offset detection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects of the invention Will be explained 
in the description beloW, in connection With the accompa 
nying draWings, in Which: 

FIG. 1 is a block diagram illustrating a structure of a 
quadrature demodulation circuit according to an embodi 
ment of the invention; 

FIGS. 2A, 2B, 2C, and 2D are Wave form diagrams for 
explaining the operation of the clock reproduction circuit 
shoWn in FIG. 1; 

FIG. 3 is a block diagram illustrating a structure of a 
quadrature demodulation circuit according to a related art; 

FIG. 4 is a diagram illustrating a constellation of the 
QPSK; 

FIG. 5 is a diagram illustrating a data structure of a digital 
television signal; and 

FIG. 6 is a block diagram illustrating a structure of a 
satellite digital television receiver. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Apreferred embodiment of the present invention Will be 
described in further detail With reference to the accompa 
nying draWings. 

FIG. 1 is a circuit diagram illustrating an embodiment of 
the present invention in Which elements identical to those 
shoWn in FIG. 3 are designated by the same numerals and 
Will not be described again. 

Referring to FIG. 1, a clock reproduction circuit 6 com 
prises a voltage controlled oscillator (VCO) 7 Whose output 
frequency is variable, a frequency divider 8 for dividing the 
frequency of an output signal of the VCO 7, a phase 
comparator 9 for comparing the phases betWeen a Q base 
band signal and an output signal of the frequency divider 8, 
and a loW pass ?lter (LPF) 19 for planariZing a phase 
detection signal from the phase comparator 9 and generating 
a frequency control signal Which controls the output fre 
quency of the VCO 7. The clock reproduction circuit 6 
further comprises a lock detection circuit 11 Which counts 
the output frequency of the VCO 7 and determines Whether 
the PLL is locked by detecting Whether a count value is 
repeatedly a same value, i.e., a variation of the output 
frequencies of the VCO 7 becomes sufficiently small. 
An LPF 12 operates to delay and planariZe an offset 

detection signal output from the phase comparator 9 so as to 
stabiliZe the offset correction loop. A gate circuit 13 alloWs 
the offset detection signal to be applied thereto When the 
clock reproduction circuit 6 is locked. Further, each of 
adders 14 and 15 cancels an offset output from the AD 
converter 3 or 4 in accordance With the offset detection 
signal. 
An example operation of the clock reproduction circuit 6 

Will be described. The phase comparator 9 outputs a phase 
detection signal PCO based on a phase difference betWeen a 
Q baseband signal and an output from the frequency divider 
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4 
8 (a reproduction clock CK). The phase detection signal 
PCO, after being planariZed in the LPF 10, is input to the 
VCO 7 as a control signal. The output frequency of the VCO 
7 is changed according to a frequency control signal. An 
output signal from the VCO 7 is subjected to frequency 
dividing and is once again input to the phase comparator 9 
as the reproduction clock CK. A Zero crossing point of a Q 
baseband signal serving as a reference signal is detected as 
shoWn in FIG. 2A, and the output frequency of the VCO 7 
is controlled such that a phase synchroniZation is established 
betWeen this Zero crossing point and the rising edge of the 
reproduction clock CK. 

Alternatively, an I baseband signal in place of a Q 
baseband signal may be supplied to the phase comparator 9. 

The phase comparator 8 outputs a phase detection signal 
PCO and an offset signal. The phase detection signal PCO is 
output as a baseband level When a reproduction clock rises 
near the Zero crossing point of the baseband signal. When 
the baseband signal is rising, the phase detection signal PCO 
is output by not inverting the baseband level, and When the 
baseband signal is falling, the phase detection signal PCO is 
output by inverting the baseband level. Speci?cally, When 
the phase of the reproduction clock is in advance of the 
phase of the baseband signal (frequency of the baseband 
signal<frequency of the reproduction clock CK) as shoWn in 
FIG. 2C, the baseband signal level (—AE) is negative at the 
rising of the baseband signal at the Zero crossing point of the 
reproduction clock CK, and, therefore, the output phase 
detection signal has a negative value. On the other hand, the 
baseband level is positive (AE) at the fall of the baseband 
signal, and a phase detection signal of a negative level is 
output by inverting the signal level. Thus, a frequency 
control signal to be input to the VCO 7 is resultantly of a 
negative level, such that the output frequency of the VCO 7 
is controlled to be loWer. 
On the other hand, When the phase of the reproduction 

clock is behind that of the baseband signal (frequency of the 
baseband signal>frequency of the reproduction clock CK) as 
shoWn in FIG. 2D, the baseband signal level is positive at the 
rising of the baseband signal at the Zero crossing point of the 
reproduction clock CK, and, therefore, the phase detection 
signal output in this case has a positive value. When the 
baseband level is negative at the fall of the baseband signal, 
and a phase detection signal of a positive level is output by 
inverting the signal level. Thus, a frequency control signal to 
be input to the VCO 7 is resultantly of a positive level, such 
that the output frequency of the VCO 7 is controlled to be 
higher. 

FIG. 2B depicts a Waveform When the clock reproduction 
circuit 6 is in a locked state and an offset is generated in a 
baseband signal. Because the baseband signal as a Whole is 
lifted by an offset, the intermediate value betWeen the 
negative and positive peaks of the baseband signal is shifted 
at the offset level. As a result, in the clock reproduction 
circuit 6, the VCO 7 is controlled such that the phases are 
synchroniZed betWeen the rising edge of the reproduction 
clock and the crossing point of the baseband signal relative 
to the offset level. In this state, signals With the same positive 
or negative level AE are alternately output as phase detection 
signals PCO, and therefore the frequency control signal 
output from the LPF is “0”, thereby maintaining the locked 
state. 

The level difference AE in the locked state represents the 
offset level. The level difference AE is output as an offset 
detection signal. The phase comparator 9, Which detects the 
baseband level near the Zero crossing point, can thus output 
an offset detection signal, and no additional circuits are 
required. 
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The offset detection signal is planariZed by the LPF 12 so 
as to form a signal for canceling the offset. The output of the 
LPF 12 is input to the adders 14 and 15 via the AND gate 
13. The offset detection being correctly performed When the 
PLL is locked as described above, the lock detection circuit 
11 then outputs a high level signal as a lock signal. The lock 
signal is input to one terminal of the AND gate 13, While the 
output of the LPF 12 is input to the other terminal of the 
AND gate 13. Thus, the output signal from the LPF 12 is 
alloWed into the adders 14 and 15 only When the lock 
detection circuit 11 generates an output signal, Which 
thereby prevents an inappropriate offset detection signal 
from being supplied to the adders 14 and 15. In the adders 
14 and 15, an output from the LPF 12 is added to the outputs 
of the AD converters 3 and 4 to thereby cancel the DC offset 
in the output from the AD converters 3 and 4. The LPF 12, 
Which serves to planariZe the offset detection signal, also 
serves to delay or dull the offset detection signal, to thereby 
dull the sensitivity of the offset correction loop for stabili 
Zation. Because the DC offset can be detected by the phase 
comparator 9, the LPF 12 is not required to planariZe the 
output from the AD converters 3 and 4 to detect the DC 
offset as in the related art eXample. Therefore, the LPF 12 
may have a smaller time constant than in the related art 
example, and the operation clock can be CK/2, thereby 
eliminating the need for an enlarged circuit. 

The lock detection circuit 11 is not limited to the circuit 
shoWn in FIG. 1 as long as the circuit can detect the locked 
state of the PLL. For example, it is possible to employ a 
circuit for detecting that the output of the LPF 10 is 0, a 
circuit Which counts the output frequency of the frequency 
divider 8 to detect the locked state by ?nding no change in 
the count values during a predetermined period, or the like. 

Furthermore, a phase shift of I and Q baseband signals can 
be detected by comparing the I and Q baseband signals With 
those of 1 clock before, and the phase lock is determined by 
detecting the phase shift being 0. It is also possible to detect 
a phase shift by monitoring the demodulated signal from the 
demodulator 5 if synchroniZation data is repeatedly detected 
from each frame of the demodulated signal. 

According to the present invention, because the DC offset 
can be detected using the phase comparison result obtained 
in the PLL Which generates a clock synchroniZed With a 
baseband signal, the DC offset can be cancelled With a 
simple circuit structure Which need not be operated at a high 
speed. 

Further, according to the present invention, a circuit 
Which reproduces a clock synchroniZed With a baseband 
signal is used to detect the DC offset, to thereby eliminate 
the need for adding an eXtra circuit. 

While the preferred embodiment of the present invention 
has been described using speci?c terms, such description is 
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6 
for illustrative purposes only, and it is to be understood that 
changes and variations may be made Without departing from 
the spirit or scope of the appended claims. 
What is claimed is: 
1. A quadrature demodulation circuit for demodulating a 

pair of baseband signals from a digital modulation signal, 
comprising: 

a quasi synchronous detection circuit for providing quasi 
synchronous detection of said baseband signals from 
said digital modulation signal; 

AD converters each converting each of said baseband 
signals into digital data; 

adders each adding output data from each of said AD 
converters With a DC offset signal; and 

a PLL circuit for generating a reproduction clock syn 
chroniZed With at least one of said baseband signals; 

Wherein said PLL circuit generates said DC offset signal 
based on a phase relation betWeen said baseband sig 
nals and said reproduction clock, and supplies said DC 
offset signal to said adder; and 

Wherein said PLL circuit includes a phase comparator for 
comparing phases betWeen said baseband signal and 
said reproduction clock, said phase comparator detect 
ing the level of the baseband signal at the time of rise 
or fall of said reproduction clock to output the detected 
level as said DC offset signal. 

2. Aquadrature demodulation circuit according to claim 1, 
Wherein said PLL circuit further includes: 

a lock detection circuit for detecting a locked state of said 
PLL circuit; and 

a gate circuit for controlling Whether or not said DC offset 
signal is supplied to said adders based on an output 
from said lock detection circuit. 

3. Aquadrature demodulation circuit according to claim 2, 
further comprising a loW pass ?lter for planariZing and 
delaying said DC offset signal. 

4. Aquadrature demodulation circuit according to claim 1, 
further comprising a loW pass ?lter for planariZing and 
delaying said DC offset signal. 

5. Aquadrature demodulation circuit according to claim 4, 
Wherein said loW pass ?lter operates based on a clock having 
a frequency half that of said reproduction clock. 

6. Aquadrature demodulation circuit according to claim 1, 
Wherein said PLL circuit outputs said reproduction clock as 
a clock synchroniZed With a bit clock contained in said 
baseband signal. 

7. Aquadrature demodulation circuit according to claim 1, 
Wherein said quasi synchronous detection circuit provides 
quadrature detection to said digital modulation signal to 
obtain said pair of quadrature related baseband signals. 

* * * * * 


